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NEW SUBSTITUTED AZETIDINONES AS ANTI-INFLAMMATORY AND ANT1DEGENERATJVE AGENTS 
BACKGROUND OF THE INVENTION 

We have found that a group of new substituted azetidinones are potent elastase inhibitors and therefore 
are useful anti-inflammatory/antidegenerative agents. 

s Proteases from granulocytes and macrophages have been reported to be responsible for the chronic 
tissue destruction mechanisms associated with inflammation, including rheumatoid arthritis and emohv- 
sema. Accordingly, specific and selective inhibitors of these proteases are candidates for potent anti- 
inflammatory agents useful in the treatment of inflammatory conditions resulting in connective tissue 
destruction, e.g. rheumatoid arthritis, emphysema, bronchial inflammation, osteoarthntis. spondylitis luous 

'0 psoriasis, atherosclerosis, sepsis, septicemia, shock, periodontitis, cystic fibrosis and acute respiratory 
distress syndrome. " " 1 

The role of proteases from granulocytes, leukocytes or macrophages are rerated to a rapid senes of 
events which occurs dunng the progression of an inflammatory condition: 

(1) There is a rapid production of prostaglandins (PG) and related compounds synthesized from 
is arachidon.c acid. This PG synthesis has been shown to be inhibited by aspirin-related nonsteroidal anti- 
inflammatory agents including indomethacin and phenylbutazone. There is some evidence that protease 
inhibitors prevent PG production; 

(2) There is also a change in vascular permeability which causes a leakage of fluid into the inflam d 
site and the resulting edema is generally used as a marker for measuring the degree of inflammation This 

20 process has been found to be induced by the proteolytic or peptide cleaving activity of proteases 
especially those contained in the granulocyte, and thereby can be inhibited by vanous synthetic proteas ' 
inhibitors, for example. N-acyl benasothiazolones and the respective 1.1 dioxides. Morris Zimmerman et al 
J. Biol. Chem. . 255 . 9848 (1980): and 

(3) There is an appearance and/or presence of lymphoid cells, especially macrophages and 
25 polymorphonuclear leukocytes (PMN). It has been known that a variety of proteases are released from th 

macrophages and PMN. further indicating that the proteases do play an important role in inflammation. 

In general, proteases are an important family of enzymes within the peptide bond cleaving enzymes 
whose members are essential to a variety of normal biological activities, such as digestion, formation and 

30 dissolution of blood clots, the formation of active forms of hormones, the immune reaction to foreign c-lls 
and organisms, etc.. and in pathological conditions such as the degradation of .structural- proteins at th 
articular cartilage.pannus junction in rheumatoid arthritis etc. 

Elastase is one of the proteases. It is an enzyme capable of hydrolyzing the connective tissue 
component elastin. a property not contained by the bulk of the proteases present in mammals. It acts on a 

35 protein's nonterminal bonds which are adjacent to an aliphatic amino acid. Neutrophil elastase is of 
particular interest because it has the broadest spectrum of activity against natural connective tissu 
substrates. In particular, the elastase of the granulocyte is important because, as described above, 
granulocytes participate in acute inflammation and in acute exacerbation of chronic forms of inflammation 
wnich characterize many clinically important inflammatory diseases. 

■to ^ Proteases may be inactivated by inhibitors which block the active site of the enzyme by binding tightly 
thereto. Naturally occurring protease inhibitors form part of the control or defense mechanisms that are 
crucial to the well-being of an organism. Without these control mechanisms, the proteases would destroy 
any protein within reach. The naturally occurring enzyme inhibitors have been shown to have appropriate 
configurations which allow them to bind tightly to the enzyme. This configuration is part of the reason that 

*s inhibitors bind to the enzyme so tightly (see Stroud. "A Family of Protein-Cutting Proteins" Sci. Am. Julv 
1974. pp. 74-88). For example, one of the natural inhibitors, o, -Antitrypsin, is a glycoprotein"contained in 
human serum that has a wide inhibitory spectrum covering, among other enzymes, elastase both from the 
pancreas and the PMN. This inhibitor is hydrolyzed by the proteases to form a stable acyl enzyme in which 
the activ site is no longer availabl . Mark d reduction in serum ai -antitrypsin, either genetic or due to 

so oxidants, has been associated with pulmonary emphysema which is a disease characterized by a 
progressiv loss of lung elasticity and resulting respiratory difficulty. It has been reported that this loss of 
lung elasticity is caused by the progressive, uncontrolled proteolysis or destruction f the structur of lung 
tissue by prot ases such as elastase released from leukocytes. J. C. Powers. TIBS . 211 (1976). 

Rh umatoid arthritis is characterized by a progressive destruction of arfcuiaTcartilage both on th free 
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surface bordering the joint space and at the erosion front built up by synovial tissue toward the cartilage. 
This destruction process, in turn, is attributed to the protein -cutting enzyme elastase which is a neutral 
protease present in human granulocytes. This conclusion has been supported by the following observations: 

(1) Recent histochemical investigations show d the accumulation of granulocytes at the 
5 caailage/pannus junction in rheumatoid arthritis; and 

(2) a recent investigation of mechanical behavior of cartilage in response to attack by purified 
elastase demonstrated the direct participation of granulocyte enzymes, especially elastase. in rheumatoid 
cartilage destruction. H. Menninger et a!., in Biological Functions of Proteinases , H. Holzer and H. 
Tschesche, eds. Springer-Ve/lag, Berlin. Heidelberg, New York. pp. 196-206. 1979. 

to 

Accordingly, an object of this invention is to discover new protease inhibitors, especially elastase 
inhibitors, useful for controlling tissue damage and vanous inflammatory or degenerative conditions 
mediated by proteases particularly elastase. 

Another object of the present invention is to provide pharmaceutical compositions for administering the 
75 active substituted azetidinones as protease inhibitors especially human leukocyte elastase. 

Still a further object of this invention is to provide a method of controlling inflammatory conditions by 
administering a sufficient amount of one or more of the active, substituted azetidinones in a mammalian 
species in need of such treatment. 



20 

DETAILED DESCRIPTION OF THE INVENTION 

This invention relates to potent elastase inhibitors of formula (I) which are useful in the prevention, 
control and treatment of inflammatory/degenerative conditions especially arthritis and emphysema. 
25 A large number of the azetidinone derivatives of formula (I) are known antibiotics which have been 
described in patents and various publications. 

The formula of the substituted azetidinones which are found to exhibit anti-inflammatory and an- 
tidegenerative activities by the present invention are represented as follows: 



30 




(I) 



35 



wherein 

r can be at the a or the ^-position and is hydrogen, straight or branched loweralkyl especially 

Ct - 5 alkyl. such as methyl, ethyl, n- or i-prooyi. outyi. pentyl or hexyl; or loweralkyl substituted with a raaical 
40 R 1 as defined below; or halo such as fluoro. cnioro or bromo: 
R 1 can be at the a- or the ^-position and «s 

(1) OB or -S(0) ft B wherein B is as defined below and n is 0. 1 or 2; 

(2) Straight or branched loweraikenyi especially C 2 -3alkeny1 such as vinyl, ally!, -CH;CH = CfCH-j:. 
and -CH 2 CH 2 CH = CH 2 ; 

J5 (3) loweralkyl as defined above: 

(4) acylamino e.g. 
H H H 

CHO n CF 3 CO N CH3CO n 
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(6) Straight or branched loweralkynyl group especially C 3 -*alkynyl such as -CoCH. -CH 2 -OCH ana 
-CH 2 CH 2 -CaCCH 3 ; 

(7) An ary! group having 6-14 carbon atoms as described below such as ph nyt of formula 



wherein Xs and X« independently are: 

I) Q. where Q is H, loweralkyl, haloloweralkyl, phenyl or substituted phenyl as previously defined, or 
naphthyi; 

is 2) halo, 

3) loweralkenyl; 

4) loweralkynyl; 

5) -SQ: 

6) -OQ: 

20 7) -CHQCOQ\ where Q 1 is defined as Q and Q 1 can be the same as or different from Q; 

8) -CHQCOOQ 1 such as CH 2 COOH; 

9) -CH 2 SQ: 

10) -CHOSQ'; 

II) -CH 2 OQ or -CHQOQ 1 especially -CH 2 OH and -CH 2 OCH 3 ; 
25 12) -COQ for example. -COCH 3 and -<CO)H: 

13) -COOQ especially -COOH and COOt-Bu: 

14) -OCOQ such as -OCOCH 3 ; 

15) -NQQ-; 

16) -NQC0Q : especially -NHCOCH 3 ; 
30 17) -CH 2 NH 2 or -CH 2 N(CH 3 ) 3 r; 

18) -CH 2 OCOCH 3 ; 

19) -NQS0 2 Q : ; 

20) -S0 2 NQCT; 
2D-SOQ: 

35 22)-S0 2 Q: • - 

23) -S0 3 Q: 

24) -CN; 

25) -N0 2 ; 

26) -CONQQ 1 ; 
40 27) -NO: 

28) -CSQ: 

29) -CSNQQ'; 

30) -CF 2 SQ: 

31) -CF 2 OQ: 

d$ 32) -NQCONHQ 1 or NOCONQ'Q 2 where Q 2 is defined as Q' and Q 2 can be the same as or differ em from 
Q': 

33) -CH 2 Y wherein Y represents -CH(NHAC)COO- CH(NH 3 ) COO". CH 2 COOH, COOH. -NfCH-.i: OH. 
CH 2 N(CH 3 ) 2 , or CH 2 OH; 

34) -CH(C alkyl): 

50 35) -NH(CO)CH 2 CH 2 COOH; 
36) 



5 




55 




or 

37) -CO-NH-S0 2 ph nyl or substituted ph nyl such as p-chlorophenyl; 
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8) heteroaryl such as unsubstituted or substituted ruryl. thienyl, thiazolyl. pyrryi, pyrimidinyl. pyndyt. 
oxazolyi. tetrazolyl or imidazolyl wherein the substituents are as those described for substituted phenyls: 

9) aralkyl especially phenyl Ct -* alkyt such as benzyl of formula 



i 

10 



or 

x 5 



is 



-CH(C, ,alkyl) . X 



20 



25 



or phenethyl; 

(10) halo such as F. CI. Br or I; 

(11) N 3 ; 

(12) hydrogen; 

(13) R and R 1 may join together and form a cycloalkyl such as a Ci -scycloalkyl, e.g.. cyciopentane. 
= C(B)(Bi) or =0 (oxo) wherein B and Bi independently are as defined below; 

(14) -CH 2 OC<-< alkyl especially -CH 2 OCH 3 and -CH2OC2H5; 

(15) -CH 2 CH 2 OCi-*alkyl especially -CH 2 CH 2 OC 2 H 5 ; 

R 2 and R 3 can be at the a or the ^-position and independently are 
30 (i) B as defined below: 

(2) -CONBB- wherein B and B- independently represent 

(a) H; 

(b) straight or branched alkyl having from 1 to 20 carbon atoms, preferrably C.-^alkyl sucn as methyl, 
ethyl, isopropyl. t-butyl, pentyl or hexyl: 

(c) aryl having from 6 to 14 carbon atoms such as phenyl or substituted phenyl of formula 



35 



jo 



is 



naphthyl or substituted naphthyl of formula 



X 5 



50 



55 



or anthracyl or substituted anthracyl of formula 
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or 




(d) cycloalkyl having from 3 to 8 carbon atoms especially cyclopropyl. cyclopentyl or cyclohexyl; 

(e) straight or branched alkenyi having from 2 to 20 carbon atoms, for example, allyl; 

(f) straight or branched alkynyl having from 2 to 20 carbon atoms, for example. -C«=»CH; 

(g) aralkyl. alkaryl. aralkenyl. aralkynyl, alkenylaryl or 

alkynylaryl wherein aJkyl. aryl. alkenyi and alkynyl are as previously defined for example, Ci -salkylphenyl 
of formula 




or 



-CH(C 1-6 alkyl) (CH 2 ) p . 1 — I 





(h) heteroaryl comprising monoheteroaryl. di- or polyheteroaryl, or fused heteroaryl containing from 1 to 3 of 
any one or more of th heteroatoms N. S or O in each heteroaryl ring thereof, for example, pyridyl, pyrry'- 
such as 
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R-N 




thienyl. isothiazolyl, imidazoiyl such as 



10 



f5 



w 

i 



tetrazolyl such as 



20 




^ I or 



I it 



25 



N— N 



N N 

CH 2 OC fi H 5 




benzothienyl. benzofuryl such as 



^5 




50 

pyrazolyl, indolyl. purinyl. carbazolyl. isoxazolyl and the like: 

(i) heteroarylalkyl such as 2-pyndylmethyl, 2-thienyimethyl and 3-isoth.azolylethyl; 

(j) heterocycloaikyl e.g.. 1 .3-<jioxacycioh x-4-yl pipehdino. 
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morpholino, oxacyciopropyl. pyrrolidine benzothiazolino. imidazoUdino, pyrazolidino. and piperazino: 
(k) heterocycioalkenyl such as pyrrolino. 2-imidazolino, 3-pyrazolino or isoindolino; 

(I) B and 8i joined together and form a heterocyclic ring containing at least one N-atom and optionally 1 to 
3 of the heteroatoms. N, S. or 0. e.g.. 






A 

-N 1 




OOH COOH X 5 



the above groups (a)-(l) can be unsubstituted or can be substituted by one or more radical R* selected from 
the group consisting of loweralkyl, hydroxy, aryloxy (OAr), alkoxy. halo, nitro. loweralkylthio. arylthio. 
mercapto. amino, monoalkyl or dialkyl substituted amino, cyano. carboxy, loweraikanoyi. Ar<C = 0). 
ammosuifonyl. aminosulfenyl, aminosulfinyl. carbamoyl, carbamoyioxy. -S(0)„R-. S0 3 R 5 , -P(0) a R 5 (where q 
is 1 or 2 and R 5 is H, Ci-* alkyl. aralkyl or aryl as previously defined), azido. carboxamido or N-substituted 
carcoxamido; 

(3) -S(0)„B: 

(4) -S(0)„NBBi ; 

(5) -N(B)S(0)aBi; 

(6) -P(0) q 8Bi; 

(7) -C(0)B especially acetyl, benzoyl, e.g.. p-chlorobenzoyl. p-methylbenzoyl and p-aminosulfonyi- 
benzoyl; 

(8) -OB especially -0C«-« alkyl, phenoxy or substituted phenoxy of formula 




(9) -COOB. -OC(0)OB or 0C(0)N8B. ; 

(10) -0-C(0)-B especially Ct alkanoy loxy such as acetyloxy; 

(11) cyano: 

(12) -S-C(0)-B especially Ci -«alkanoylthio such as acetylthio; or 

(13) R 2 and R 3 may join and form =C(BtXB). a Ci -*cycioalkyl for example, cydopentyl. and =0- 

(0X0): 
A is 

(1) -0-C(0)-B; 

(2) «S(0) n B; 

(3) -S(0)„N8Bi ; 
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(4) -C(0)B: 



(5) SO}-M wherein M represents 

(a) an alkali anion such as Na . K ; or 

(b) a quaternary ammonium group of formula N*(R 5 )*. for example. (n-BuUN ; 

s (6) substituted or unsubstituted phosphoryl or phosphonyi such as -P(0) 3 <R 5 )2 or -P(0)*R 5 ; 

(7) -C(0)NB8i especially -CON(C 2 Hs)Phenyl and -CONHB: . wherein Bi is 

(a) -<CH 2 ), Ph, or CH(Ci.«alkyl)(CH 2 ),,Ph, e.g. -CH(C 2 H*)-Ph. -CH<C 3 H 7 >-Ph. -CH-<allyl)-Ph, -CH<C 2 Hs>- 
CH 2 Ph. or -CH(CH 3 )-Ph wherein Ph represents phenyl or substituted phenyl as previously defined, for 
examples. 4-methyl-phenyl. 4-methoxyphenyl. ^N.N-dimethyl-amino-phenyl, 4-benzyloxy-phenyl, 4-phenyl- 

ro phenyl. 3,4-methylenedioxy-phenyl, and 3,4-dimethyi-phenyl;^ 

(b) -(CH 2 ),(Naphrespecially -CH 2 <Naph) or -CH(C 2 H s )(Naph) wherein (Naph) is a or 2-naphthyl or substi- 
tuted naphthyl as previously defined: 

(c) -<CH 2 ),(Ar) especially -CH 2 CH 2 Ar or -CH 2 Ar wherein Ar represents heteroaryl especially 2-thienyl. 2- 
furyl, 3-thienyl, or benzofuryt; 

is (d) -(CH 2 ),OPh especially -CH 2 CH 2 CH 2 OPh; 
(6) -(CH 2 ) r CH(OH)Ph; 
(f) -<CH 2 ) r (CO)Ph; 

(g) 

20 OCH- 



25 




0 



JO 




35 



(i) -CH 2 -Ph(p-CO-NH-S0 2 -Ph<p-Cl)); 

(i) 




50 



55 




or 
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(I) -CH(CH 3 )-Ph(p-cyclohexyl); 

(8) -C(0)OB especially C:-« alkoxycarbonyl, .g., methoxycarbonyl. and -ethoxy carbon yl or C 
OOCH 2 -Ph(p-COOC 2 H 5 ); ' 

(9) halo Ci - 4 alky1 such as trifluoromethyl; 

(10) -OB especially -0-CH 2 -(phenyl or substituted phenyl as previously defined), for example 
-OCH 2 C 6 H s : -OCH 2 C 6 H*-OCH 3 ; or OCH 2 C«H4N0 2 ; ' 

(11) silyl such as -Si(CH 3 >2(t-Bu); 

(12) B especially H, C, aikyl, CH 2 OH. -CH 2 0(CO)CH 3 , phenyl or substituted phenyl. «CHR 5 l where 
IS as P^viously defined and L is a good leaving group comprising OAc. SAc. hetogen, OR 5 . SR 5 . SOR 5 

S0 2 R 3 , OTs, OCOCF 3 . and mesyl wherein Ac is acetyl; and Ts is tosyl- or 

(13) 



-C(0)NHSO, 



-j 



Preferably, the compounds of the present invention are of formula (I) wherein; 
R is hydrogen; or Ci - 5 alkyl; 
R' is 

(1) C - -« alky I especially methyl or ethyl 

(2) OR 5 ; 

(3) phenyl of formula 




(4) hydrogen; 

(5) benzyl of formula 




(6) CH 2 OC< -talkyl or -CH 2 CH 2 OC. -5 alkyl; 

(7) C 2 -b alkenyl; or 

(8) R and R' may join together and form a cyclopentane; 
R 2 and R 3 independently are 

(1) hydrogen; 

(2) S(0)«R 5 ; 

(3) COOB; 

(4) CONBB- 

(5) OB; 

(6) C1-5 alkyl; 

(7) phenyl or substituted phenyl as previously defined; 

(8) naphthyl as pr viously defined; 

(9) cyclohexyl; 

(10) benzyl as previously defined; 

(11) heteroaryl selected from a group consisting of imidazolyl, benzofuryl and tetrahydroisoquinolyl; 

(12) heterocycloalkyl such as 
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,o (13)C(0)B; 
A is 

(1) SOR 5 ; 

(2) S0 2 R 5 ; 

(3) COOB; 
/5 (4) C(0)B; 

(5) CONBBi wherein B and Bi independently are; 

(a) H: 

(b) C-salkyl; 

(c) -<CH 2 ) r Ph where r represents 1 or 2 and Ph fepresents phenyl or substituted phenyl as previously 
20 defined; 

(d) CH(Ci -*alkyl)(CH 2 ) M Ph where Ph is as defined above; 

(6) phenyl or substituted phenyl as previously defined such as p-methoxyphenyl. p-nitrophenyt and 

p-methy!phenyl; 

(7) Ct-i alkyl; 
25 (8) CH2OH; 

(9) CH 2 0C(0)CH 3 ; or 

(10) -C(0)NHS0 2 -Ph(p-CH 3 ). 

Even more preferably, the compounds of the present invention are of formula (I) wherein 
30 R is hydrogen or Ci - 3 alkyl; 
R' is 

(1) hydrogen; 

(2) C.-^alkyl; 

(3) C'-^alkoxy such as methoxy; 
J5 (4) C 2 -*alkenyl; 

(5) phenyl or substituted phenyl as previously defined; or 

(6) CH 2 OCi- 3 alkyl; 
R 2 is hydrogen; 

R- is 

(1) S(0)„R 5 ; 

(2) CONBBi ; 

(3) COOB; 

(4) phenoxy or substituted phenoxy; 

(5) imidazolyl; or 

(6) substituted or unsubstituted alkoxy. for examples, OCH 3 or -0CH 2 C0NH 2 ; 

'(1) CO;R 5 wherein R 5 is H. C, alkyl. -CH 2 Ph. .CH(CH 3 )Ph, -CH<C 2 Hs)Ph, CH(C 3 Hr)Ph or CH- 
iC 3 H 5 )Ph wherein Ph represents phenyl or substituted phenyl as previously defined; 
(2) CONHR 5 ; or 
so (3)S0 2 R 5 . 

The most preferred compounds of the present invention are listed in the following table. 



J5 



55 
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R 


R 1 


R 5 


C 2 H 5 


CH 3 


CH(CH 3 )Ph 


C2H5 


C 2 H 5 


CH 2 -(4-Ph-Ph) 


C2H5 


CH 3 


CH(C 2 H 3 )Ph 


C 2 H 5 


C 2 H 5 


CH(C 2 H s )Ph 


C 2 H 5 


CH 2 OCH 3 


CH(C 2 H 5 )Ph 


C 2 H 5 


C 2 H S 


CH(C 3 H 7 M4-CH 3 «Ph) 


C 2 Hs 


C 2 H 5 


CH(C 3 H S H4-CH 3 -Ph) 


C 2 H 5 


C 2 H 5 


CH(C 3 H 7 )Ph 


C 2 Hs 


C 2 H 5 


CH(C 3 H7H3,4-methylenedioxy-Ph) 


C 2 H $ 


C 2 H 5 ! 


CH(C 3 H 5 M3,4-methylenedioxy-Ph) 



In the above table. Ph represents phenyl or substituted phenyl as previously defined. 
The compounds of the present invention are either known or are prepared among other methods by the 
following representative schemes. 



Scheme (a) 

as illustrated by Examples 16-19. 




Y is -N0 2l -CH 3 . -OCH 3 . -CI, -F, etc: 
X is halo. e.g.. CI. Br or I; 
Z is BCO or BS0 2 . 



12 



EP 0 337 549 A1 



Scheme (b) 



as illustrated by Examples 1*4. 



o J NK or 2 2 0 <«hon Z o aunnoyl) 0 **- A ^ 2 



70 



wherein 
X is halo: 

Z is as previously defined, e.g., -SOHp-N0 2 -Ph), -COCH 3 . -CH 2 OTs, etc. wherein Ph represents phenyl 
; 5 substituted phenyl. 

Scheme(c) 

as illustrated by Examples 5-15 

20 

xrooR* 

.VC-COOR 1 + NH^^T^OMe - 



25 



30 



I ffOUCCCi 
v 

N^> v .CCOR' r- coos' 

Reduction V f 



x 



-T^s *nen R* « N t ^ 

i J !' 



35 



JO 



!p*COx 
i 

R 6 c-- _/ coor4 *\ r ^ ccoff> 0 so 3 /p y \,y :30ft ' 




D. 



2) 8u 4 NX ^ x 

x ts holo 3 
OMe 



^5 



wherein 
R € is H. CF 3 . CH 3 . etc.; 
R 3 and R' are as previously defined: and 
CAN »s cerric ammonium nitrate. 

50 Scheme (d) 

as illustrated by Examples 2-3. 



55 
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a 1 ococx,, r x 

J + ClS0 2 NoCoO t> j [ 



10 



Scheme (e) 

as taught by M. A. Krook and M. J. Miller (J. Org. Chem.. 1983. 50. 1126-1128), the following type of 
compounds can be prepared. — 



ts 



OH 



MsCL 



20 



RHN 



N'H0CH 2 Ph 



RHN, 



RHN 



,OMs 



NH0CH 2 ?h 



^C-BuOK 



25 



CH.Pl 



30 



Scheme (f) 

as taught by Hart. 0. J. et al.. (J. Org. Chem.. 48. pp. 289-294. 1983); the following class of compounds can 
be prepared. 



35 



R 2 CH0 + LiN(TMS) • 



R ,*^CHC00R 3 



-^R'CH - N(TMS) 
" l OLi 



-*0 



H CoC 



\ 



wherein R s is as previously defined: and 
TMS is trimethylsilyl. 

Scheme (g) 



as taught by P. J. Reider and E J. J. Grabowski <TeL Lett.. 23. p. 2293. 1982); the following groucs of 
compounds can be prepared. 



so 



55 



14 



EP 0 337 549 A1 



OOM 



iooH 



1) PhCHjOW/H 

2) TMSCL 



:oocm 2 ph 



:ooh 



ro 




OCOCH 3 



CO- 



NH 



"Ni(ch 3 ). cBu 

o, Hi . l COOM 



l cooa 




15 

wherein R 1 is as previously defined. 
Scheme (h) 
20 as illustrated by Examples 20 and 21 : 



25 




l ) 3 .X 




2 a« . 

2>R ; X 




30 



<P Ni!CM } > 2 (t3u) * NuciyjtfcBii) 



SaO> 



J — N 



(con ol«o »roporo4 
ru ftchoocft (c) or <d)y 



(D) 



40 




J5 



Th.s invention also relates to a method of treating inflammation .n patients using a compound or 
Formula (I), particularly a preferred compound as the active constituent. 

It has been found that me compounds of Formula (I) are effective inhibitors of me proteolytic funct,on of 



human granulocyte elastase as shown below: 



50 



55 
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TABLE I 

5 1 2 

O A 

10 







1 

R 






I0 50 


Ki 


V /I 

obs 
1 -1 

sec ) 




R 


2 

R 


A (Jig/ml) 


(^H) (M" 


20 


H 


H 


soc« 3 


COCH 3 


10.00 








H 


H 
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TABUL.l (Continued) 
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concentration of th. inhibitor (.< cromolar. >IM> givino 50% of the control 
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protoco< ; En2yme Assays for the Inhibition of Human Polymorphonuclear Leukocyte Elastase Via Hydroly- 
2£ 2! ' N ^-BoC"aJanyl«alanyi»proiyla<anine'p-nitfoanilide (Boc-AAPAN) or N-t-Boc- alanyl^rolytvaiine-p- 
mtroanilide (Boc-AAPVN) Reagent? "~ 

0.05M TES (N-tris(hydroxymethyl]methyl-2-arnmo-ethanesulfonic acid) Buffer, pH 7.5. 
02 mM Boc-AAPAN or Boc-AAPVN. 

To prepare substrate, the solid was first dissolved in 10.0 ml DMSO. Buffer at pH 7.5 was then added to 
a final volume of 100 ml. 

Crude extract of human polymorphonuclear leukocytes (PMN) containing elastase activity. 
Inhibitors (azetidinones) to be tested dissolved in DMSO just before use. 



Assay Procedure: 

To 1.0 ml of 0.2 mM Boc-AAPAN in a cuvette. 0.01-0.1 ml of DMSO with or without inhibitor was added. 
After mixing, a measurement was tak* n at 410 ma to detect any spontaneous hydrolysis due to presence 
of test compound. 0.05 Milliliters of PMN extract was then added and the aOO/min at 410 ma was 
measured and recorded. Beckman model 35 spectrophotometer was used. 
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Results: 



5 



Results in Table I were reported as IDso. ffective dosage in micrograms per milliliter (ug.mi) for SO';, 
inhibition of the enzyme activity 2 minutes after zero time. 

Results were also express d as Ki. the micromolar concentration of the inhibitor (uM) giving 50% of the 
control enzyme activity: or as 'obs/l which is the second order rate constant in per mole per s cond for 
inactivation of the enzyme. 



io Comments: 

The elastase activity in the crude PMN extract may vary from one preparation to another. A control of 
each new batch is run. and the volume added in the assay procedure is adjusted according to activity. 

Accordingly, the compounds of Formula (I) can be used to reduce inflammation and relieve pain in 
is diseases such as emphysema, rheumatoid arthritis, osteoarthritis, gout, bronchial inflammation, atheroscle- 
rosis, sepsis, septicemia, shock, periodontitis, cystic fibrosis, infectious arthritis, rheumatic fev r and the 
like. 

For treatment of inflammation, fever or pain, the compounds of Formula (I) may be administered orally, 
topically, parenteral^, by inhalation spray or rectally in dosage unit formulations containing conventional 

20 non-toxic pharmaceutical^ acceptable carriers, adjuvants and vehicles. The term parenteral as used h rem 
includes subcutaneous injections, intravenous, intramuscular, intrasternal injection or infusion techniques. In 
addition to the treatment of warm-blooded animals such as mice. rats, horses, dogs. cats. etc.. the 
compounds of the invention are effective in the treatment of humans. 

The pharmaceutical compositions containing the active ingredient may be in a form suitable for oral 

25 use for example, as tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or 
granules, emulsions, hard or soft capsules, or syrups or elixirs. Compositions intended for oral use may be 
prepared according to any method known to the art for the manufacture of pharmaceutical compos.oons 
and such compositions may contain one or more agents selected from the group consisting of sweet n.ng 
agents flavoring agents, coloring agents and preserving agents in order to provide pharmaceuucaily elegant 

30 and palatable preparation. Tablets contain the active ingredient in admixture with non-toxic pharmaceuucaily 
ac-eptable excipients which are suitable for the manufacture of tablets. These exco.ents may be for 
example, inert diluents, sucn as calcium carbonate, sodium carbonate, lactose, calcium phosphate or 
sooium phosphate: granulating and disintegrating agents, for example, corn starch, or algm.c acid: binding 
agents for example starch, gelatin or acacia, and lubncating agents, for example magnesium st arate. 

35 stearic acid or talc. The tablets may be uncoated or they may be coated by known techniques to delay 
disintegration and absorption in the gastrointestinal tract and thereby provide a sustained action over a 
longer period. For example, a time delay material such as glyceryl monostearate or glyceryl distearate may 

be employed. .. t 

Formulations for oral use may also be presented as hard gelatin capsules wherein the active ingredient 

*3 is mixed with an inert solid diluent, for example, calcium carbonate, calcium phosphate or kaolin, or as soft 
gelatin capsules wherein the active ingredient is mixed with water or an oil medium, for exampl peanut oil. 
liquid paraffin, or olive oil. 

Aqueous suspensions contain the active materials in admixture with excipients suitable for th 
manufacture of aqueous suspensions. Such excipients are suspending agents, for example sodium 

,s carboxymethylcellulose. methylcellulose. hydroxypropylmethylcellulose. sodium alginate, polyvinylpyr- 
rolidone gum tragacanth and gum acacia: dispersing or wetting agents may be a naturally^ccumng 
phosphatide, for example lecithin, or condensation products of an alkylene oxide w,th fatty acids for 
example polyoxyethylene stearate. or condensation products of ethylene oxide w,th long chain ai.phatic 
alcohols for example heptadeca-ethyleneoxycetanol. or condensation products of ethylene oxide w.th partial 

so esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol monooieate. or condensation 
products of ethylene oxide with partial esters derived from fatty acids and hexitol anhydrides, for example 
polyoxyethylene sorbitan monooieate. The said aqueous suspensions may also contain one or more 
preservatives, for example ethyl, or n-propyl. p-hydroxybenzoate. one or more coloring agents, one or more 
flavoring agents, and one or more sw tening agents, such as sucrose or sacchann. 

55 Oily susp nsion may be formulated by susp nding the activ mgredi nt in a veg table o.Uor example 
arachis oil. olive oil. sesam oil or coconut oil. or in a mineral oil such as liquid paraffin. Th , orty 
suspensions may contain a thick ning agent, for example beeswax, hard paraffin or arty I acohol. 
Sweetening ag nts such as those set forth above, and flavoring agents may be added to prov.de a pa.atabl 



29 



EP 0 337 549 A1 



oral preparation. These compositions may be preserved by the addition of an antioxidant such as ascorbic 
acid. 

Dispersible powders and granules suitable for preparation of an aqueous suspension by the addition of 
water provide the active ingredient in admixture with a dispersing or wetting agent, suspending agent and 

s on or more preservatives. Suitable dispersing or wetting agents and suspending agents are exemplified by 
those aJready mentioned above. AdditionaJ excipients. for example sweet ning. flavonng .and coloring 
agents, may also be present. 

The pharmaceutical compositions of the invention may also be in the form of oil-in-water emulsions. 
The oily phase may be a vegetable oil. for example olive oil or arachis oils, or s» mineral oil. for example 

ro liquid paraffin or mixtures of these. Suitable emulsifying agenjs may be naturally-occurring gums, for 
example gum acacia or gum tragacanth, naturally-occurring phosphatides, for example soy bean, lecithin, 
and esters or partial esters derived from fatty acids and hexitol anhydrides, for example sorbitan mono- 
oieate. and condensation products of the said partial esters with ethylene oxide, for example poiyox- 
yethylene sorbitan monooleate. The emulsions may also contain sweetening and flavoring agents. 

is Syrups and elixirs may be formulated with sweetening agents, for example glycerol, propylene glycol, 
sorbitol or sucrose. Such formulations may also contain a demulcent, a preservative and flavoring and 
coloring agents. The pharmaceutical compositions may be in the form of a sterile injectable aqueous or 
oleagenous suspension. This suspension may be formulated according to the known art using those 
suitable dispersing or wetting agents and suspending agents which have been mentioned above. The sterile 

20 injectable preparation may also be a sterile injectable solution or suspension in a non-toxic parenteral ly- 
acceptable diluent or solvent, for example as a solution in 1,3-butane diol. Among the acceptable vehicles 
and solvents that may be employed are water, Ringer's solution ana isotonic sodium chloride solution. In 
addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium. For this 
purpose any bland fixed oil may be employed including synthetic mono- or diglycerides. In addition, fatty 

25 acids such as oleic acid find use in the preparation of injectables. 

The compounds of Formula (I) may also be administered in the form of suppositories for rectal 
administration of the drug. These compositions can be prepared by mixing the drug with a suitable non- 
irritating excipient which is solid at ordinary temperatures but liquid at the rectal temperature and will 
therefore melt in the rectum to release the drug. Such materials are cocoa butter and polyethylene glycols. 

30 For topical use. creams, ointments, jellies, solutions or suspensions, etc.. containing the anu-tmiam- 
matory agents are employed. 

The amount of active ingredient that may be combined with the carrier materials to produce a single 
dosage form will vary depending upon the host treated and the particular mode of administration. For 
example, a formulation intended for the oral administration of humans may contain from 5 mg to 5 gm of 

35 active agent compounded with an appropriate and convenient amount of carrier material which may vary 
from about 5 to about 95 percent of the total composition. Dosage unit forms will generally contain betw en 
from about 25 mg to about 500 mg of active ingredient. 

It will be understood, however, that the specific dose level for any particular patient will depend upon a 
variety of factors including the activity of the specific compound employed, the age, body weight, general 

40 health, sex. diet, time of administration, route of administration, rate of excretion, drug combination ana th 
severity of the particular disease undergoing therapy. 



EXAMPLE 1 

J5 



l>p-nitrophenylsulfonyl-4-benzyloxycarbonyl azetidin-2-one 

50 Dia2abicycioundecane (152 mg, 1 mM) was added to a mixture of 205 mg (1 mM) 4-benzyloxycarbonyl 
azetidin-2-one and 181 mg (1 mM) p-nitrobenzenesulfonyl chloride in 10 ml methylene chloride at room 
temperature. After stirring 2-1/2 hours, the orange solution was washed with water, dried over MgSO*. and 
concentrated in vacuo. The residue was chromatographed on silica gel in hexane/ethyl acetate to yield 64 
mg (i7°'o)of H>nitrophenylsulfonyl-4-b nzyloxycarbonyl azetidin-2-one. 

55 NMR (CDCb): a 3.3 (2H. doublet-quartet), 4.8 (qt 1H), 5.2 (s. 2H). 7.2 <s, 5H) f 8.2 (mlt. 4H). 



EXAMPLE 2 
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l-A cetyl-3,3-<jimethyl-4-acetoxyazetidin*2-one 

Step A: Preparation of 2-metfiyl-prop-i-eriy(acetate 

A mixture of 72 g (1 M) isobutyraldehyde. 153 g (1.5 M) acetic annydride and 12 g (0.125 M) potass.um 
acetate was refluxed seven hours. The cooled reaction mixture was washed with water and stirred with 300 
ml saturated NaHCCh at 0* C for 45 minutes. The organic phase was dried over KjCOj to yield a yellow oil 
which was distilled at atmospheric pressure to give 35.41 g (31%) of 2-methyl-prop-i-enylacetate. b p. 122- 
126' . 

NMR (CDCIj): S 1.6 (S. 6H). 2.1 (S. 3H). 6.9 (mlt. 1H). 

Step B: Preparation of 3-3-dimethyl-4-acetoxyazetidin-2-one 

Chlorosulfonyl isocyanate (16 ml) was added- to a solution of 22.8 g (0.2 M) 2-methyl prop-i-nyl 
acetate in 50 ml methylene chloride at 0" under nitrogen. After stirnng at 0 for 20 hours, the reaction 
mixture was added to a m.xture of 20 ml water. 90 g ice. 48 g NaHCO, and 16.6 g Na 2 S0 3 and st.rred at 
0' for 30 minutes. This was then extracted with 300 ml CH 2 CI 2 and the organic phase washed with brine, 
dried over MgSO* and concentrated in vacuo to give 27.75 g oil which was chromatographed on s.l.ca gel 
in hexane/ethyl acetate to yield 2.17 g (8.5%) of 3.3-dimethyl-4-acetoxyazetidin-2-one. 
NMR (COCI3): i 12 (S. 3H). 1.3 (S. 3H). 2.2 (S. 3H). 5.6 (S. 1H). 



30 
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Step C: Preparation of i-acetyl-3,3-dimethyl-4-acetoxya2etidin-2-one 

A mixture of 283 3 mg (1.8 mM) 3.3-dimethyl-4-acetoxya2etidin-2-one. 2 ml pyridine and 2 ml acetic 
anhydride was heated to i00' in a sealed tube tor 36 hours. Tne reaction mixture was concentrated in 
vacuo and the residue chromatographed on silica gel in hexaneethyl acetate to yield 295 mg (82 of 1- 
acetyl-3.3-dimethyl-4-acetoxyazetidin-2-one. 
NMR (COCIj): 4 1.2 (s. 3H). 22 (s. 3H). 2.5 (S. 3H), 6.1 (S. 1H). 



EXAMPLE 3 



i-Acetyl-4-acetoxy-3-n-propylazitidin-2-one 



so 



Step A: Preparation of Pent-i-enyl acetate 

A mixture of 86 g (1M1 valeraldehyde. 153 g (1.5 M) acetic anhydride, and 12 g (0.125 M) potassium 
acetate, was refluxed for 8 hours. The cooled mixture was then stirred with 1 00 ml saturated aqueous 
NaHCO, for one hour. The organic phase is separated, dned over K 2 C0 3 . and d.sflled at 40 mm to y.e.d 
46.15 g (45%) of pent-1-enylacetate. b.p. 89 C. ,u» 
NMR (COCI,): * 1.0 (tr. 3H). 1.2-2.0 (mlt.. 4H). 2.1 (S. 3H). 4.7-5.6 (mlt. 1H). 7.0-7.3 (mlt.. 1H). 



55 



Step 8: Preparation of 4-acetoxy-3-n-propylazetidin-2,-one 

Eght hundred micro.it rs of chlorosulfonyl isocyanate was added to a sotution of 1^28 g (10 mM> pent- 
1-eny. ac tat in 5 ml methyl ne chloride at 0* under nitrog n. After stirring at 0 5 days, the reacton 
2 w added dropw.se to a mixture of 5 g ice. ,.15 m, water. 2.82 g NaHCO, and 1.0 g Na lS 0, and 
stirr^ at 0* for 30 minutes. The mixture was extracted writ. 2 X 25 ml methylene chor.de and the 
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combined organ.c phases washed with brine, dried over MgSC*. arc concentrated in vacuo The residue 
was chromatographed on silica gel in hexane/ethyl acetate to y 5 eld 60 mg lran5~4-acetcxv-3.n- 

propylazetidin-2-one (3.4%). y 

NMR (CDCI3): 5 1.0 (mlt.. 3H), 1.7 (mit., 4H), 2.2 (s. 3H), 32 ftr. 1H). 5.5 (s. 1H). 6.7 (Irs. 1H). 

s * e P £: Preparation of i-acetyl-4-acetoxy-3-n-propylazeticin-2-o ne 

A mixture of 56 mg (0.33 mM) 4-acetoxy.3-propylazeodin-2.one. 1 ml acetic anhydride and 1 ml 
pyridine was stirred at 100 in a sealed tube for 24 hours. After concentrating in vacuo the residue was 
chromatographed on silica gel in hexane/ethyl acetate, to yieid 16 mg (23%7 T^acetyl-4-acetoxy-3-n- 
propyfazetidine-2-one. 

NMR (CDCh): 5 1.0 (br tr, 3H), 1.7 (mlt.. 4H). 2.2 (s, 3H), 2.4 (s. 3H), 3-2 (tr, 1H). 6.1 (d. 1H). 



EXAMPLE 4 



l-Acetyl-4-methylsuifonylazetidin-2-one 



Step A; Preparation of l-acetyl-4-methylthioazetidin-2-one 

A mixture of 300 mg (2.6 mM) 4-methylthioa2etidin-2-one. 10 ml acetic anhydride and 10 ml pyridine 
was stirred at 100 in a sealed tube 24 hours. After concentrating in vacuo , the residue was chromatog- 
raphed on silica gel in hexane/ethyl acetate to yield 324 mg (78% > of i-£cetyl-4-methylthioazetidine-2-one 
NMR (CDCI3): 5 2.4 (s. 3H). 2.41 (s. 3H). 3.2 (doubiet-quanei. 2H). 5.1 (coubiet-doublet, 1H). 



Step B: Preparation of N-acetyl-4-methylsulfinyiazetidin-2-cne 



A mixture of 130 mg (0.82 mM) N -acetyl -4- methyitr.icazeccincr.e and 200 mg (0.93 nM) 30% m- 
chloroperbenzoic acid in 5 ml methylene chloride was snrrec at rcom temperature 5 minutes. After 
removing the solvent in vacuo . The residue was chromatograchec on 2-2000 u - silica gel plates in 
hexane.ethyl acetate to yield 57 mg (40%) of i-aceryl-4-memyisurfinyia2etidine-2-one. 
NMR (COCb): 5 2.4 (s. 3H), 2.6 (s. 3H) f 3.5 (mlt.. 2H). 4 9 imit.. 1H). 



EXAMPLE 5 



3-A2ido-4^carboethoxy-i-(r>methoxypheny0a2etio<n-2-o ne 

To a solution of 3.06 g of azidoacetyl chionoe m 50 mi of CH 2 C: 2 was added dropwise a solution of 
3.57 ml of triethylamine and 5.3 g of the im.ne formec from ethyigiyoxalate and p-anisidine in 50 ml 
CHjCls. with cooling at such a rate that the reaction temperature remained below 5* . The reaction was then 
stirred at room temperature for three hours and men wasneo seouentiajly with 1N HCI. saturated aqueous 
sodium bicarbonate, and saturated aqueous sodium chlonce. Tne organic phase was dried over magnesium 
sulfate, filtered, and evaporated, and the crude residue was recrystaJlized from carbon tetrachloride, hexane 
to afford 3.7 g. of 3-azido-4-carboethoxy-l-(p-metnoxyphenyi)azeodine-2-one; m.p. 80-85* . 
NMR (COCb): b 72 (d. J = 9, 2H). 6.75 (d. J =9. 2H). 4.9 (d. J =6. 1H). 4.6 (d, J = 6. 1H), 4.25 (q J = 8 2H) 
3.7 (s. 3H), 1.25 (t. J = 8. 3H). 



EXAMPLE 6 
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4-Carboethoxy-3-chioro-i-(p-methoxyphenyl)a2etidine-2-one 

4-carboethoxy-3-chloro-Hp-methoxyphenyl)azetidine-2-one was prepared by following th same proce- 
dure as descnbed m Example 5 but using chloroacetyl chlonde and the im.ne formed from ethylglyoxalate 
and p-an,sidine as the starting material. The crude product was recrystailized from ether <h xane) to g.ve 
3.1 g of 4<arboethoxy-3-chloro-l-(p-methoxyphenyl)azetidine-2^ne. m. p. 99-100 ■ 

NMR (CDC): * 7.2 (d. J-9. 2H). 6.8 (d. J-9. 2H). 5.! (d. J-6. 1H>. 4.7 (d. J-6. 1H). 4.25 (q. J-7. 2H). 
3.7 (s. 3H). 1.25 (t. J=7. 3H). 

EXAMPLE 7 



'5 



20 



4-Carboethoxy-3-methoxy-l-(p-methoxyphenvl)azetidine-2-one 

4-Carboethoxy-3-methoxy-l-(p-methox y phen y i)az e tidine-2-one was prepared by following the same 
procedure as descnbed in Example 5 but using methoxyacetyl chlonde as the starting mater.al. After 
chromatography the compound crystallized as a wh.te solid: m p. 1 16-118 . 

NMR (COC): 4 7.2 (d. J-9. 2H). 6.75 (d. J-9. 2H). 4.7 (d. J-5. 1H). 4.6 (d. J-5. 1H). 4.2 W . J-5. 2H). 
3.7 (s. 3H). 3.5 (S. 3H). 1.2 (t. J = 5. 3H) 

EXAMPLE 8 



25 



4-Carboethoxv-l-(p-methoxyphenyl)-3-phenyiazetidin-2-one 

30 To a solution of 17 ml of tnethylamme and 5.0 g of the imine formed from ethyl glyoxaJate and p- 
anisidine in 00 m. of refluxing 1 ,2-dicnioroethane was added dropw.se over 2 hours a solut,on ot 16 ml o. 
r es Cdi «- ed Phenytacety. chloride in 50 ml of dichloroethane. After ref.ux.ng for three hours the ^react-on 
was worked-up Is per the 3-azidoazetia,none. The crude residue was chromatography to y,e .c .me as anc 

" S (m 7H) 6 8 (d J=9 2h' 45 (d'j - 2. ,M, 4.45 (d. J-2. 1H>. 4, «. J-7. 2H). 3.6 (s. 3H). 1.2 (t. J-7. 
3H1. 

EXAMPLE 9 

4-CarbQethoxy-1-(p-methoxyphenyl)-3-v n Yl azet l d.n-2^ne 

^.*v-ih«*v i-<o-methoxvphenyiv3-v.n y iazetidine-2-one was prepared by following the same proce- 
dure^sS .n^p^U Jotony, ch.onde - the ^^^T^ 68 
d; _ans — 

icDO " ! r» eB' (d ( J =9. 2H, 5.7-6.2 «m. 1H, 5.2-5.5 (m. 2H, 4.25 ,br.,. ,H). 4.2 (C J - , 
2H). 3.9 (dd. J = 1 . Jz = 6. 1 H). 3.75 (s. 1H). 1.25 (t. J = 7, 3H). 



jo 
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EXAMPLE 10 



55 



4-C a rboethoxv-3-ethyl-t-(p-m thoxvohenyOazet.din-2-one 
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The cis and trans isomers of 4-carboethoxy-3-vinyM -<p-m thoxyphenyl)azetidine-2-on are each hy- 
drogenated with palladium on carbon in ethanol to yield the corresponding cis and trans isomers or 4- 
carboethoxy-3-ethyl- 1 -<p-methoxy-phenyl)azetidine-2-one. 

5 

EXAMPLE 1 1 



'0 4-Carboethoxy-1«(p-methoxyphenyl)-3-(N-methyl'trifluoroacetam»do)a2etidin-2-one 

A solution of 2.16 g of 3-azido-4-carboethoxy-Hp-methoxyphenyl)-a2etidine-2-one in ethanol was 
hydrogenated with palladium to yield 4-carboethoxy-1-{p-methoxyphenylh3-aminoa2etidin-2-one. This amine 
was acylated with 1.1 ml of trifluoro acetic anhydride in 10 ml CH 2 Cl2 containing 1.5 ml pyridine, followed 
ts by methylation using 1 ml dimethyl sulfate in 30 ml acetone containing 3 g potassium carbonate. After 
isolation, the crude product was crystallized to give 22 g of 4<arboethoxy-l-(p-methoxyphenyi)-3-(N- 
methyltrifluoroacetamido)azetidine-2-one, m.p. 102-104*. 

NMR (CDCb): 5 7.2 <d, J = 9, 2H), 6.75 <d, J = 9, 2H), 5.5 (d. J = 6. 1H), 4.7 (d. J = 6. 1H). 4.2 (q. J = 7, 2H). 
3.7 (s, 3H), 3.2 (br.s.. 3H). 1.2 (t. J = 7, 3H). 



EXAMPLE 12 



2S 

4-Carboethoxy-3-methoxyazetidin-2-one 

To a solution of 1.4 g of 4-carboethoxy-3-methoxy-l-{p-methoxyphenyi)a2etidine-2-ort8 m 50 mi 
acetonitrile at 0* was added a solution of 8.23 g of cerric ammonium nitrate in 50 ml H 2 0 over 3 minutes. 

30 After stirring at 0* for 1 hour the solution was poured into 200 ml of 10% sodium sulfite and extractec .vitn 
3 X 75 ml of ethyl acetate. The combined organic extracts were washed with 10% sodium sulfite anc 
saturated sodium chloride solutions and dried over sodium sulfate. Filtration and evaporation gave an amoer 
oil which was recrystallized from methylene chloride, hexane to give 700 mg of 4-carboemoxy-3- 
methoxyazetidine-2-one; m.p. 91-92* . 

35 NMR (CDCl 3 ): 5 7.1 (br.s. 1H). 4.7 (dd. J. =2, J 2 =5, 1H), 4.3 (d. J = 5. 1H), 4.15 (q, J = 7. 2HI 3.4 (S . 3H). 
1 .25 (t, J = 7, 3H). 

Following substantially me same procedure as described in Example 12 but using an appropriate 3- 
substituted azetidinone compounds (a) - (f) were prepared: 

(a) 4-Carboethoxy-3-chforoazetidin-2-one 

±0 NMR (CDCb): 5 7.3 (br.s., 1H), 5.0 (dd, J* =2. J 2 =6. 1H), 4.4 (d. J = 6. 1H), 4.2 (q. J = 7. 2HL 1.3 (t. J = 7. 
3H). 

(b) 4-Carboethoxy-3-phenylazetidin-2-one-2-(cis and trans) 

NMR (C0CI 3 ): cis: 5 7.2 (S, 5H), 6.4 (br.s.. 1H), 4.7 (d. ~677H); 4.4 (d. J =6. 1H), 3.7 (q t J = 7.2H) 0.75 ft. 
J = 7, 3H); trans 5 7.2 (s. 5H>, 6.9 (br.s. 1H), 4.3 (br.d, J = 2, 1H), 4.1 (q, J = 7. 2H). 4.0 (d. J=2. \HV 1 2 (t. 
-15 J = 7, 3H). 

(c) 4*Carboethoxy-3-(N-methyltrifluoroacetamido) azetidin-2-one 

NMR (COCI3): 5 7.2 (br.s., 1H). 5.4 (d, J = 6, 1H). 4.5 (d, J* 6. 1H), 4.15 (q. J = 7, 2H). 3.2 (sl 3HV 1 2 (t. 
J -7, 3H). 

(d) 4-Carboethoxy-3-vinylazetidin-2-one(cis and trans) 

50 NMR (COCI3) Cis: 6 7.1 (br.s.. 1H), 5.2-5.8 (m, 3HT4.f>4T(m. 4H). 1.25 (t. J = 7, 3H); trans : 5-725 (br.s.. 
1H), 5.0-6.2 (m. 3H), 4.1 (q, J = 7. 2H). 3.9 (d. J = 2, 1H). 3.7 (dd. Ji =2, J 2 = 7. 1H), 1.2 (t, J = 7.^). 

(e) 4-Carboethoxy-3-ethylazetidin-2-one 

Cis: NMR(CDCI 3 ): 6 6.9 (br. s., 1H); 4.2 (m, 3H); 3.4 (dd. Ji =6. J 2 =8. 1H); 1.51 (q, J = 8, 2Ht 1-2 (t. J = 7, 
3H); 1.0 (t, J = 8. 3H). 

55 Trans: NMR(CDCI 3 ): 0 6.8 (br. s., 1H); 4.2 (q, J = 7. 2H); 3.8 (d. J =2. 1H); 3.2 (dd. Ji =2. J 2 =7. TH); 1 3 (- 
(dq. Ji =2, J 2 =8, 2H): 1.2.(t J = 7. 3H); 1.0 (t J = 8, 3H). 
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(() 3-Azido-4-carboetrioxyazetidin-2-one 



EXAMPLE 13 



4.Carboethoxv3-(N-methyltrHluoroacetamido)azetidine-2-one-i -sulfonic acid tetrabutylammontum salt 

To a solution of 140 mg of 4<arboethoxy-3-(N-methyitrifluoroacetamido)azetidine-2-one in 5 ml of 
pyridine at 80* was added 250 mg of sulfur trioxide pyridine complex, and the resulting mixture was stirred 
for 30 minutes at 80 " . The solution was poured into 100 ml of 0.5 N KH : PO. and extracted w.th 2 X 25 ml 
of methylene chloride. The comb.ned organic washes were back-extracted with 25 ml of KH : PO. solution 
The combined aoueous phases were then treated w.th 680 mg of tetrabutylammonium hycrogen sulfate ana 
extracted with 3 X 50 ml of methylene chloride. After drying (sodium sulfate) and evaporanon of the organ.c 
phase the crude 4-cart)oethoxy-3-(N-methyltnfluoroacetamido)azetidine-2-one-i-sulfon 1 c ac.d ietrabutyiam- 
monium salt was chromatographed to yield an oil. 

NMR (CDC.3): * 5.3 (d. J-6. 1H). 4.7 (d. J -6. 1H), 4.15 (q. J-7. 2H). 3.2 (m. 11H). 0.8-1 8 (m. 31HV 

Applying the same procedure as described above, the following tetrabutylammomum salts of other 

azetidine derivatives were prepared: 

(a) 4-Carboethoxy-3-methoxyazetidin-2-one-i -sulfonic acid tetrabutylammonium salt 
NM R (75D CI3): 6 4.55 (d. J=6. 1H). 4.5 (d. J=B). IH), 4.1 (q — 7. 2H). 3.4 (s. 3H>. 3.2 (m. 8H). 0.8-1.8 (m. 
31 H). 

2S (b ) 4-Carboethoxy3-viny lazetidin-2-one- 1 -sulfonic acid tetrabutylammonium salt 



EXAMPLE H 



30 



4-Carboethoxy-l-<p-n l trobenzenesulfonyO-3-phenylazetidin-2-one 

- 5 To a solut.on of 720 mg of 4-carboethoxy-3-trans-phenylazetidin-2-one-in 20 ml methylene ch.onoe at 
0- were added sequentially 595 mg of p-n.trobenzenesulfony. ch.oride and 0.49 ml of Deu The solution 
was stirred for several hours, diluted with 50 ml of methylene ch.oride. washed once w„n -ater ano dned 
ov" Sm JLl Rtration and evaporanon gave a crude residue which was chromatcgrapned to yield 
pure4^boethoxy-Hp^«robenzenesultonyl)-^phenyl-azetidm-2-one 

-o NMR (CDCW): * 8.3 (d. J-9. 2H). 8.2 (d. J-9. 2H). 7.2 (br.s.. SHK 4.0 (q "?" ^ '/.J 

Js7 . 3H ). Similarly prepared was the corresponding cis-3-phenyl compound. NMR (CDC) . 8.4 (d. J 9. 
?H\ S25 (d J = 9 2H> 7 2 (S 5H). 5.0 (S. 1H). 3.7 (m. 3H). 0.85 (t. 5 = 7. 3H). 

' Fof^g the same procedure as described above but us,ng appropriate reagents the following 

compounds were prepared: 
« (a) 4>Carboetnoxy-l-(p-nitrobenzens ulfonYi)0>vinytazettd.n-2^ne 

NMR (CO CI,): as: * 8.3 (d. 2H), 6.2 (d. J ^ 2hT^ ^H) 4 .0-4.6 , m V 2H) ' 

trans: a 8.2 (d. J^9. 2H). 8.15 (d. J =9. 2H). 5.2-6.0 (m. 3H>. 3.9-4.4 (m. 4H). 1.25 (t. J - / . 3H> 

(b) 4- Carboethoxy-3-ethyl- 1 -<p-mtrobenzenesulfony l)aze tidin-2-one 

~) 3- A2ido-4-carboethoxy i-(p>nitrobenzenesulfonyi) azet»dirv2-one 
50 jd) 4-Carboethoxy-3<rHoro-i Hp-n>trobenzensmronyi)a2etidin>2-one 



EXAMPLE 15 



55 



^Carboethoxy-3-phenyl-i-thfluorom tnanesulfenylaz tidin-2-one 
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To a mixtur of 1.2 g of 4-carboethoxy-3-phenylazetidin-2-one and 1.2 ml of tnethylamm in 25 ml of 
methylene chloride at 0* was acded dropwise over 10 minutes 11.25 ml of a 10% solution of 
tnfluoromethan sulfenyl chloride in ether. After stirring for several hours the solution was washed with water, 
cried over sodium sulfate, filtered and evaporated. The crude residue was chromatographed to yield pure 4- 
carboethoxy-3-phenyl-i-trifluoromethanesulfenylazetidin-2-one as an oil. 
NMR (CDCb): 5 7.2 (s, 5H), 4.6 (d. J = 3. 1H), 4.3 (m, 3H). 1.3 (t, J = 7, 3H). 



EXAMPLE 16 



i-Tosytoxymethyi»3'n«Propyl-4-p-nitrophenylthioa2etidin-2'One 
Step A: Preparation of 3-Propyl-4-p-nitrophenylthio azetidin-2-one 



3-Propyl-4-acetoxy a2etidinone. 171 mg, is refluxed with 200 mg p-nitrophenyl thiol in 10 ml benzene 
for 6 hours. The solution is washed 3x with aqueeos NazCCh. dried with MgSO*. filtered and evaporated. 
20 The residue is chromatographed on silica gel, eluting with 1 0:1 CHCI 3 -EtOAc. affording 3-Propyi-4-p- 
nitrophenylthioazetidin-2-one. 



Step B: Preparation of l-Tosyloxymethyl-3-n-propyi-4H>nitrophenylthio azetidin-2-one 



3-Propyl-4-p-nitrophenylthioazetidine-2-one, 266 mg, is stirred overnight at room temperature with 0.25 
ml aqueous formalin (37%) and 17 mg K 2 COo. Water and formaldehyde are removed in vacuo, and flushea 
with 2 ml pyridine. The residue is taken up in 4 ml pyridine and treated for 1 hour at room temperatur with 
200 mg p-toluenesulfonyl chloride. The pyridine is evaporated ana replaced with 5 ml benzene. The 
30 solution is washed with aqueous H 3 PO* and then aqueous K 2 HPO*. dried with MgSO*. filterec ana 
evaporated. The residue is chromatographed on silica gel. eluting with 25:1 CHCb-EtOAc. provicmg 1- 
tosyloxymethyl-3-n-propyl-4-p-nitrophenylthio-azetidin-2-one. 



35 EXAMPLE 17 



1- Tosy)oxymethyl»3-n*propyl«4»p*nitrophenylsulfinyl azetidtn-2-one 

l-Tosyioxymethyl-3-n-propyl-4-p-nitrophenylsuirinylazetidin-2-one. 450 mg. is treated for 12 hour in 10 
ml CH2CI2 with 172 mg m<hloroperbenzoic acid. The solution is washed with aqueous K 2 HPO*. dried with 
MgSO*. filtered and evaporated, leaving pure i-tosyloxymethyl-3-n-propyl-4-p-nitrophenylsulfinyl azetidine- 

2- one. 



EXAMPLE 18 

l-Acetoxymethyl-4»p-nitrophenytsulfinyl«3«n-propylazetidin-2-one 

Step A: Preparation of 3-n-propyl-4^-nitrophenylthioazetidin-2-one 

3-n-Propyl-4-acetoxya zetidinone (1.164 g. 6.58 mmole) and 1.02 g (6.58 mmole) p-nitrothiophenoi were 
heated in a tube in the steam bath for 3.5 hours. The reaction mixture was cooled, diluted with 100 mi ethyl 
acetate, and the organic phase was washed with 100 ml water. 70 ml 1M H^POi and 3x100 ml saturated 
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K : C03. The organic phase was dried over magnesium sulfate, filtered, and solvent removed in vacuo to 
yield 1.53 g of yellow crystals which were chromatographed on a silica gel column in chloroform-ethyt 
acetate (4:1) to give 359 mg (19%) of 3-n-propyl-4-p-nitrophenylthioa29tidin-2-one. 

NMR (CDCIi): 5 0.92 (tr. 3H), 1.2-1.6 (br m. 4H). 3.10 (tr, 1H). 4.91 (c. 1H), 7.0 (br s, 1H). 7.50 (d. 2H). 8.20 
5 (d, 2H). 



Steo BPreparation of 1-Acetoxymethyl'4-p-nitrophenylthio>3-n-propylazetidin-2-^9e 



10 A mixture of 273 mg (0.94 mmole) azetidinone from Step A. 26.3 mg paraformaldehyde and 178 mg 
(0.55 mmole) cesium carbonate was stirred in 20 ml dry tetrahydrofuran at ambient temperature 16.5 hours 
under nitrogen. A mixture of 430 u\ pyridine and 2.56 ml acetic anhydride was added to the reaction 
mixture and the stirring continued 5 more hours. The solvents were removed in vacuo to give 604 mg crude 
proauct which was chromatographed on a silica gel flash column in hexane-ethyl acetate 3.1. This gave 102 

is mg (30%) of i-acetoxymethyl-4-p-nitrophenylthio-3-n-propyla2etidin-2-one. 

NMR (COCb): 5 1.0 (tr. 3H). 1.2-1.85 (br m. 4H), 2.1 (S. 3H), 3.22 (tr. 1H) t 4.95 (d. 1H), 5.18 (ABBA pattern. 
J, =30H 3 , J 2 =5H 3 , 2H), 7.65 (d. 2H), 8.22 (d. 2H). 



20 Steo CPreparation of 1-Acetoxymethyl-4-p-nitrophenylsulfinyl-3-n-propylazetidin-2-one 

To a solution of 46 mg (0.127 mmole) azetidinone from Steo B in 4 ml CH 2 CI 2 and 4 ml saturated 
aqueous NaHC0 3 was added 27 mg (0.127 mM) 80% m-chloroperoenzoic acid and the reaction mixture 
stirred vigorously 15 minutes. The phases were separated and the organic phase was dned over MgSO*. 
25 filtered and stripped to yield 57 mg crude product which was chromatographed on a 1000 u silica gel prep 
TLC plate in chloroform-ethyl acetate 4:1 to yield 15 mg (31%) of l-ac8toxymethyl-4.p-nitrophenylsulfinyl-3- 
n-propylazetidin-2-one. 

NMR (CDCIi): 5 0.93 (tr, 3H). 1.2-1.8 (br m, 4H). 2.1 (s. 3H), 3.55 (tr. 1H), 4.66 (d. 1H), 5.04 (ABBA pattern, 
J- =34H 3 . J 2 =6H 3 , 2H). 8.2 (d. 2H), 8.52 (d. 2H). 

30 

EXAMPLE 19 



35 

4- Acet oxy-3-n-propy lazetidin-2-one- 1 -sulfonic acid tetrabutylammonium salt 

A solution of 82 mg (0.463 mmole) 3-propyl-4-acetoxy azetidin-2-one in 5 ml pyridine was h ated to 
80' 221 Mg (1.39 mmole) sulfur trioxide-pyridine complex was adced and the reaction mixture stirred at 

uo 80* one hour. It was then poured into 100 ml 0.5M KH 2 POi (aauecus) and washed with Zx25 ml CH 2 CI 2 . 
The combined organic washes were backwashed with 25 ml 0.5M KH 2 PO.. 157 Mg (0.463 mmole) 
8u.NHSOi was added to the combined aqueous phases. This was extracted with 2x25 ml CH 2 Cl 2 and the 
combined extracts were dried over MgSO*. filtered, and stripped in vacuo to yield 12.4 mg of an oily 
residue which was chromatographed on a small silica gel column, eluted first with 75 ml hexan .ethyl 

us acetate (3:1) to remove starting material, then with 100 ml ethyl acetate, methanol (4:1) to yield 13 mg 
(5 7%) 4-acetoxy-3-n-propylazetidin-2-one-i -sulfonic acid tetrabutylammonium salt. 

NMR (CDCh): 5 1.0 (m. 16H). 1.75 (br m. 20H). 2.16 (s. 3H). 2.90 (br s. H). 3.1 (tr. 1H). 3.3 (tr. 8H). 4.08 (br 
tr. 1H). 6.18 (s. 1H). 



50 



EXAMPLE 20 



(3R t 4S)-l-(benzylaminocarbonyl)>3-ethyl-3-methyl-4-(4-carboxy )phenoxya2etidin-2-one 

Steo A: Preparation of (3R.4SVi-t-butyldimethylsilyl-3-methyla2etidin>2one-4-carboxylic acid 
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To a solution of 27.5 ml of diisopropylamme in 150 ml of THF at -20 ' C was adc d 73.5 ml of 2.4N n- 
butyl lithium in hexane. After 15 minutes, the solution was cooled to -70 ' C and a solution of 20 gm of (4S>- 
M-butyldimethylsilylazetidin-2-one^-carboxylic acid in 75 mL of THF was added. The solution was warmec 
to -20* C for 15 minutes before a solution of 13.5 mL of methyl iodide in 20 mL of THF was added. After 30 
minutes at -20 to 0' C, the reaction was diluted with 300 mL of eth r and then poured into a mixture of ice 
and 400 mL of IN HCI. The layers were separated and the aqueous layer extracted with ether. The ether 
layers were washed with brine, dried over sodium sulfate and evaporated. The residue was crystallized from 
hexane to give 12-15 gms of (3R,4S)-l-t-butyldimethylsilyl-3-methyla2etidin-2-one-4-cartoxylic acid 
NMR (CDCi 3 ): & .14 {2. 3H) f .32 (s, 3H). .91 (d, 3H). .98 (S. 9H), 3.34 (dq, 1H), 3.71Jd. 1H) 



Step B. Preparation of (3R,4S)-l-t-butyldimethylsiiy<-3^thyl-3>methylazetidirv2-one-4<arboxylic acid 

To a solution of 13 mL of diisopropyiamine in 75 mL of THF at -20* C was adaed 35 mL of 2.4 M n- 
*s butyl lithium in hexane. After 15 minutes the solution was cooled to -70* C and a solution of 10 gms of 
(3R.4S)-l-t-butyldimethylsilyJ-3-methyia2etidin-2-one-4-carboxylic acid in 50 mL of THF was added. The 
solution was warmed to -20* C for 15^ minutes and a solution of 6.7 mL of ethyl iodide in 10 mL of THF was 
added. After 30 minutes at -20* to 0* C the reaction was diluted with ether and poured into a mixture of ice 
and 1 N HCI. The layers were separated and the aqueous layer extracted with ether. The ether layers were 
20 each washed with brine, dried over sodium sulfate and evaporated. The residue was crystallized from a 
minimum amount of hexane to give 8.8 gms of (3R.4Shi-t-butyldimethylsilyl-3-ethyl-3-methylazetidin-2-one- 
4-carboxylic acid. 

NMR(CDCh): 6 .15 (s, 3H), .31 (s, 3H), .98 (s, 9H). 1.04 (t. 3H), 1.22 (s, 3H). 1.78 (q. 2H), 3.94 (s, 1H). 

25 

Step C: Preparation of (3R. 4S>>3-ethyl-3-methyl-4-{4-carbo-t-butoxy)phenoxyazetidin-2-one 

To a solution of 13.0 gms of (3R. 4S)-l-t-butyldimethylsilyl-3-ethyl-3-methylazetidin-2-one-4-carboxylic 
acid in 75 mL of DMF and 15 mL of acetic acid under N 2 was added 23 gms of iead tetraacetate. The 

30 reaction was heated at 45-50 *C for 18 hours and then poured into ice water and extracted into 2 portions c: 
ether. The ether layers were washed with water, dilute sodium bicarbonate solution and brine, dried over 
sodium sulfate and evaporated to give 13 gm of crude oil containing a mixture of (3R. 4S) and (3R. 4R)-4- 
acetoxy-3-ethy!-3-methylazetidin-2-one. To this mixture in 50 mL of acetone was slowly added a solution cf 
14 gms of t-butyl 4-hydroxybenzoate in 50 mL of acetone. 5 mL of water and 29 mL of 2N sodium 

35 hydroxide. The reaction was stirred at room temperature for 64 hours and then diluted with water and 
extracted with 2 portions of ether. The ether layers were washed with brine, dried over sodium sulfate anc 
evaporated. The residue was prep LC'ed with 15-25% ethylacetate. hexanes to give 6.3 gm of the high r R, 
(4R) ether and 1 .5 gm of the desired (3R, 4S)-3-ethyl-3-methyl-4-{4-cart)o-t-butoxy)phenoxyazetidin-2-one. 
NMR (C0CI 3 ): a 1.0 (t 3H), 1.38 (s, 3H). 1.54 (s. 9H). 1.6-2.0 (m. 2H). 5.30 <s, 1H) 6.7 (brs. 1H). 6.78 (d 

<o 2H). 7.90 (d. 2H). 



Step D: Preparation of (3R, 4S)-l-(benzylaminocarbonyl)-3-ethyl-3-methyi-4-(4^cafbo-t-butoxy)- 
phenoxyazetidin-2-one 

45 

To a solution of 1.5 gm of (3R. 4S)-3-ethyl-3-methyl-4^4-cartoo-t-butoxy)phenoxyazetidin-2-on in 25 
mL of methylene chloride was added 1.2 mL of benzyl isocyanate, 1.4 mL of triethylamme and 10 mg of 4- 
dimethylaminopyridine. The reaction was stirred at room temperature for 16 hours and then evaporated. 
The residue was flash chromatographed eluting with 10 to 25% EtoAc Hexane to give 2.3 gm of (3R. 4SM- 
50 (benzylaminocarbonyl)-3-ethyl-3-methyl-4-<4-<:arbo-t-butoxy)phenoxy azetidin-2-one. 

NMR (CDCI3): 6 .98 (t. 3H), 1.36 (s, 3H) 1.50 (s, 9H), 1.62 (m. 1H). 1.84 <m. 1H). 4.42 (d. 2H). 5.64 (s. 1H). 
6.80 (brt. 1H). 7.06 (d. 2H). 7.24 (brs. 5H), 7.90 (d. 2H). 



55 Step E: Preparation of (3R, 4S)-1-<benzylaminocarbonyl)-3-ethyl-3-methyl-4>(4-carboxy)phenoxyazetjdin-2- 
one ' 

To 2.3 gms of (3R. 4S)-l-(benzylaminocarbonyl)-3-ethyl-3-methyM-(4-carbo-t-butoxy) phenoxyazetidin- 
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2-one in an ice bath under N 2 was added 5 ml of anisole and then 25 mL of precooled trifluoroaceuc acid. 
After t.5 hours at 0*C ( the volatiles were removed in vacuo without heating and the residue flash 
chromatographed using hexane, then 15% EtoAc Hexane] then 1% HoAc in 15% EtoAchexanes to give 
after ether trituration 1.8 gms of (3R. 4S)-l-(ben2yiaminocarbonyl)-3-ethyl-3-methyl-4-{4-carboxy)- 
5 phenoxyazetidin-2-on 

NMR (CDCh): 5 1.03 (t. 3H). 1.46 (s. 3H), 1.56 (m. 1H). 1.94 (m. 1H>, 4.50 (d. 2H). 5.76 (s, 1H), 6.9 (brt, 1H). 
7.05 (d. 2H), 7.25 (brs. 5H). 7.98 (d. 2H). 

jo EXAMPLE 21 „ 



Starting with 3,3-diethyl-4-acetoxyazetidin-2-one as prepared in Scheme (d) followed by displacement 
of the acetate with the appropriate phenol and acylation of the nitrogen with the corresponding cniral 
is isocyanate as shown in Scheme (h) and example 20. steps C-E. the following compounds were preparea 
The diastereomers obtained on acylation were separated by siiica gel chromatography using 10-30% 
ethylacetate^ hexane solvent mixtures. 

20 (4S)-3.3-diethyl-i-((R)-a-ethylbenzylaminocart^ 

NMR (CDCh):5 0.9 (t.3HJ = 7Hz), 0.94 (t.3H.J = 7Hz), 1 .07 (t.3H. J = Thz) 1.65 - 2.05 <m.6H), 3-58 (S.2H). 4.8 
(q.1H. J = 8Hz), 5.58 (S.1H), 7.0 (d. 1H. J= 8Hz). 7.1 - 7.45 (m.9H) 

25 (4S)-3,3-diethyl-H(RW-n-propylbenzylam^ 

NMR (CDCb): 5 0.91 (t.3HJ = 7Hz), 0.94 (t.3H.J - 7Hz>. 1.07 (t.3H.J = 7hz) 1.34 (m.2H), 1.65 -2.05 (m.6H). 

3.57 (S.2H). 4.88 (q. 1 H, J = 7Hz). 5.58 (s.1 H), 7.0 (d. 1 H. J = 7Hz) 7. 1 - 7.5 (m. 9H) 

jo (4S)-3,3-diethyl-H(R)-a-allyH4^ 

NMR (CDCh): 5 0.96 U.3H.J = 7Hz). 1.07 (t.3H.J = 7Hz). 1.7 - 2.1 (m, 4H). 2.32 (S. 3H), 2.57 (t,2H. J = 7Hz). 

3.58 (s. 2H). 4.95 (q. 1H. J = 7Hz). 5.14 (m. 2H). 5.58 (s. 1H). 5.66 (m. 1H), 7.03 (d. 1H, J = 7Hz). 7.16 (s. 
4H). 7.19 (S, 4H). 

J5 

(4S)-3.3-diethyl-H(R)-a-allyl(3.4-methylenedioxy)benzylaminocarbonyl)-4-(4-carboxymethyl)- 
phenoxyazetidin-2-one. 

NMR (CDCh): 3 0.96 (1.3H.J = 7Hz). 1.05 (t.3HJ = 7Hz), 1.65 - 2.05 <m. 4H). 2.54 (t. 2H J=6Hz) 4.87 ((q, 1H. 
40 J = 7Hz). 5.05 -5.2 (m. 2H), 5.58 (s. 1H). 5.66 (m. 1H), 5.94 (s. 2H>. 6.76 (s. 3H). 6.98 (d. 1H. J = 7Hz). 7.2 
(m,4H)). 

(4S)-3.3-diethyl-H(RW-n-propyl(3.4-me^ 
azetidin-2-one. 

45 

NMR (CDCIi): 5 0.9 (t3H.J = 7Hz), 0.94 (t.3H.J =7Hz) t 1.06 (t. 3H J = 7Hz). 1.3 (m. 2H). 1.65 -2.1 fm. 6H). 
3.58(s, 2H), 4.76<q. 1 H. J = Thz), 5.58(s. 1H), 5.92 (S.2H). 6.15 (s. 3H> 6.88 (d. 1H. J = 7Hz). 7.2 (m. 4H>. 

(4S)-3.3-diethyl-l-((RW-n-propyl(4-meth 

50 

NMR (CDCh): 5 0.91 (t.3H.J = 7Hz). 0.98 (t.3HJ = 7Hz). 1.07 (t. 3H. J=7Hz) 1.32 (m. 2H). 1.65 - 2.1 (m. 6H). 
2.33(S. 3H). 4.83(q. 1H, J = 7hz). 5.71 (s, 1H), 6.93 (d, 1H, J = 7Hz>. 7.16 (S. 4H). 7.25 (d.2H.J = 8Hz). 8.04 (d. 
2H. J = 8Hz). 

55 (4S)-3.3-di myM-((Rha-n-propyl(4-methyl)benzylam^^ 

NMR (CDCh): 6 0.9 (t.3H.J = 7Hz>. 0.93 (t.3H.J «7Hz). 1.07 (L 3H. J=7Hz) 1.28 (m. 2H), 1.7 -2.1 (m, 6H), 
2.33(S. 2H), 3.6 (S.2H). 4.81 (q. 1H. J = 7hz). 5.56 (S. 1H). 6.93 (d. 1H. J = 7Hz). 7.15 (S. 4H), 7.2 (S. 4H). 
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Claims 

1 . A compound of the formula (A) 

R 1 



/> N 

° CONHCH 



wherein: 

R and R 1 independently are Ci alkyl or d-« alkoxy d-* alkyl: 
M is 

(1) hydrogen. 

(2) Ci-* alkyl, 

(3) C 2 -4 alkenyl. or 

(4) Ci-* alkoxy C<- 5 alkyl: 
X s is 

(1) hydrogen, 

(2) Ct-« alkyl, 

(3) halo Ci alkyl, 

(4) C2-5 alkenyl, 

(5) C 2 -s alkynyl, 

(6) carboxy. 

(7) carboxy-Ci-^ alkyl, 

(8) carboxy-C--* alkylcarbonyl. 

(9) carboxy-C'-s alkylcarbonylamino. 

(10) carboxy-C 2 alkenyl, 

(11) hydroxy-C;-* alkyl. 

(12) Ci alkylcarbonyl, 

(13) C1-5 alkylcarbonylamino. or 

(14) dHC:-*aIkyl)ammo-Ci-$alkyl; and 
X* is 

(1) hydrogen, 

(2) Ci-* alkyl, 

(3) haio 

(4) carboxy, 

(5) C*-« alkoxy, 

(6) phenyl, 

(7) C--« alkylcarbonyl, 

(8) dHC.-*aikyi)amino. 

(9) phenoxy, 

(10) methylenedioxy, 

(11) 2.3-furanyl. or 
T(12) 2.3-thienyi; or 

a pharmaceutical^ acceptable salt thereof. 

2. A compound of Claim 1 wherein: 
R and R r independently are Ci -* alkyl; 
and 

X 5 is carboxy or carboxy-C,-* alkyl. 

3. A compound of Claim 2 wherein: 
M is Ci -3 alkyl or allyl; and 

X* is hydrogen, C< alkyl, or 3,4-methylenedioxy or phenyl. 
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4. A compound of Claim 3 wherein: 
R is ethyl: and 

FT is methyl or ethyl. 

5. A compound of Claim 4 wherein: 
5 R and R 1 are ethyl; 

M is n-prooyl: 

X 5 is 4-carboxymethyl; and ^ 
is 4-methyl. 

6. A pharmaceutical composition for the inhibition of human leukocyte elastase which compnses a 
to nontoxic therapeutically effective amount of a compound of Clam 1 and a pharmaceutical^ acceptable 

earner. 

7. A composition of Claim 6 wherein: 
R is ethyl; 

R 1 is methyl or ethyl: 
75 M is C- -3 aikyl or allyl; 

X s is carboxy or carboxy-C--* alkyl; 
and 

X* is hydrogen alkyl. 3.4-methylenedioxy or phenyl. 

8. A composition of Claim 7 wherein: 
20 R' is ethyl: 

M is n-propyl: 

X 5 is 4-carboxymethyl; and 
X* is 4-methyl. 

9. A process for the preparation of the compounds of Clajm 1 which compnses 
25 (1) reacting a compound of the following formula (B) 

(AC 



3C 




o 



O NH (B) 



with a compound of the formula (C) 




wherein X? is 

(1) hydrogen 

(2) alkyl. 

i3) halo-C< -s alkyl. 
(4) C2-4 alkenyl. 
45 (5) C 2 -; alkynyl. 

(6) C -t alkoxycarbonyl. 

\7) C alkoxycarbonyl-Ct-^ alkyl. 

(8) C- alkoxycarbonyl-C- alkylcarbonyl. 

(9) C>-i alkoxycarbonyl-Ci-* alkylcarbonylamino. 
50 (10) C.-s alkoxycarbonyl-C 2 -* alkenyl, 

(11) hydroxyalkyl. 

(12) C-s alkylcarbonyl. 

0 3) C? -> alkylcarbonylamino, or 

(14) dHC- alkyl)amino-C, -« alkyl under basic conditions to afford a compound of the formula (0) 
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R 1 



-NH 



CD) 



and (2) reacting compound (D) with a compound of the formula (E) 



under basic conditions, and optionally converting X* into X 5 , to yield the compound of the formula « A) 

R 1 



s> N x 

0 CONHCH 



TO* 



CA) 



10. A process of Claim 9 wherein: 
Step (1) is in the presence of an alkali metaJ hydroxide. 
Ste (2) is in the presence of a tri(Ci-5 alkyl)-amine; and 

the conversion of into X5 is accomplished in the presence of a strong acid. 
Claims for the following Contracting States: ES and GR 

1 . A process for the preparation of a compound of the formula (A) 



R 1 



no* 



CONHZH 



CA) 



wherein: 

R and R* independently are C»— -> alkyl or C- aikoxy C:-* aikyl; 
M is 

(1) hydrogen. 

(2) C< -4 alkyl, 

(3) C 2 -; alkenyl, or 

(4) C--4 alkoxy-C.-s alkyl; 
X 5 is 

(1) hydrogen. 

(2) C- alkyl, 

(3) halo C-.-4 aJkyl, 

(4) C 2 - 5 alkenyl, 

(5) C 2 -s alkynyl. 

(6) carboxy. 

(7) carboxy-Ci -s alkyl, 

(8) carboxy-Ci alkylcarbonyl, 

(9) carboxy-C' -s alkylcarbonylamino. 
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(10) carbOxy-C2-« alkenyl, 

(11) hydroxy-Ci-* alkyl, 

(12) C- -i alkylcarbonyl, 

(13) C- alkylcarbonylamino. or 

5 (14) di-(C,-naiky1)amino-Ct-6alkyl: and 
X< is 

(1) hydrogen, 

(2) C--^ alkyl, 

(3) halo 

io (4) carooxy, 

(5) C*-s alkoxy. 

(6) phenyl, 

(7) C<-4 alkylcarbonyl. 

(8) dHC<-saikyl)amino. 
/5 (9) phenoxy, 

(10) methylenedioxy, 

(11) 2.3-furanyl. or 

(12) 2.3-thienyl; or 

a pharmaceutical^ acceptable salt thereof which comprises 
20 (D reacting a compound of the following formula (B) 



"Ac 



25 



/) NH 

O 



with a compound of the formula (C) 

30 



wherein X* is 

(1) hydrogen 

(2) C--« alkyl. 

(3) halo-C.-$ alkyl, 

(4) Ci-i alkenyl. 

(5) C 2 -s alkynyl, 

(6) C< alkoxy carbcnyi. 

(7) C«-4 alkoxycarbonyl-Ci-* alkyl. 

(8) C--* alkoxy carbonyl-Cr-s alkylcarbonyl. 

(9) C--s alkoxycarbonyl-C, alkylcarbonyiammo. 

(10) Ci-* alkoxycarbony!-C 2 -i alkenyl. 

(11) hyaroxyalkyl. 

(12) C«-s alkylcarbonyl. 

(13) C- alkylcarbonylamino. or 

(14) di-(C -5 alkyl)amino-C^ aikyl 

under basic conditions to afford a compound of the formula (0) 



55 
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and ( 2) reacting compound (D) with a compound of the formula (E) 



5 



M 




(E) 



under basic conditions, and optionally converting X 5 ' into X 5 , to yield the compound of the formula (A) 



2. A process of Claim 1 wherein: 

R and R° independently are Ci -s alkyl: and 
20 X 5 is carboxy or carboxy Ci-* alky I. 

3. A process of Claim 2 wherein: 
M is C . -3 alkyl or allyl; and 

X* is hydrogen, C«-$ alkyl. or 3.4-methylenedioxy or phenyl. 

4. A process of Claim 3 wherein: 
25 R is ethyl; and 

R' is methyl or ethyl. 

5. A process of Claim 4 wherein: 
R and R" are ethyl: 

M is n-propyl; 
30 X 5 ts 4.carooxymethyl; and 
X; is 4-methyl. 

6. A process of Claim 1 wherein: 

Steo (1) is in the presence of an alkali metal hydroxide: 
Step (2) is in the presence of a tri(Ci -s alkyl)amine: and 
35 the conversion of X5 into X5 is accomplished in the presence of a strong acid. 



R 
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